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Chen et al Continents data system). 4 In Taiwan, OCC affected 27.04 males and 3.17 females per 100,000 in the population, 5 which is now the predominant cause of cancer-related mortality in Taiwanese men 25-44 years old. A survival analysis of 2,324 OCC patients, diagnosed from 1990-2001 and followed up to 2003 from 4 population-based cancer registries in China (Hong Kong, Qidong, Shanghai, and Tianjin), yielded a 5-year age-standardized relative survival rate of 67%. 6 Obviously, the reported survival rate is much higher than observed nationally, which could not completely represent the treatment outcome nationally.
In most parts of the world, OCCs occur predominantly in the oral tongue, and a large majority of OCCs are squamous cell carcinomas (SCCs). 7 In spite of recent advances in the treatment of OCC, no major improvement in survival rates has been reported from population-based survival studies in the past decades. 8 Early diagnoses and treatments remain pivotal to improved survival rates. Although we have no easy means to determine whether or not the survival of OCC has improved in China nationally, we do have a robust cancer registry that we have used to record clinic-pathologic characteristics, stage at diagnosis, and survival rate for OCC patients treated at the Sun Yat-sen University Cancer Center (SYSUCC). The SYSUCC, one of the largest cancer centers in China, is located at Guangzhou and has been the primary referral and treatment center for OCC in southern China.
We examined whether or not survival rates changed during the past 50 years and how any changes in stage, histology, and treatment related to changes in survival.
Methods

Data sources
For this retrospective study, we used the SYSUCC medical record database to identify OCC patients diagnosed from 1960 to 2009. The year 1960 was chosen as a starting point because the SYSUCC treated its first OCC patient in that year. The year 2009 was chosen as the closing year in order to have 5 successive decades and to provide a minimum follow-up of at least 5 years for patients diagnosed in the most recent year. During this 50-year period, a total of 4,033 OCC patients were treated at the SYSUCC. This study excluded 671 patients because of recurrent or residual disease after primary treatment elsewhere (n=536) or incomplete or loss of clinical data (n=135). Thus, a total of 3,362 previously untreated patients with histologically confirmed OCC were enrolled in this study.
Data regarding the patients' gender, age at diagnosis, histology, oral cavity subsite, and stage were obtained from the database. The patients ranged in age from 3 to 90 years (mean age ± SD, 53±13 years); of this group, 2,238 (66.6%) were men and 1,124 (33.4%) were women. The overall follow-up was defined as the time interval between the date of initial therapy and the date of the last consultation or death. Followup of vital status was performed until June 2015. Median post-therapeutic follow-up time was 74 months (range 1-602 months), and 94.3% of patients had follow-up into the fifth year after initial therapy. The focus was on observed survival for all patients and general stage. General stage was used for these comparisons to ensure the consistency of definition over time because of the lack of detailed tumor, node, and metastases staging documented in medical records in the previous period of the study. General staging definitions were used for subset analyses. Local disease was defined by invasive cancer without local extension or any metastases. Regional disease was defined by local extension and/or cervical lymph node metastases. Distant disease was defined by distant metastases.
Classification of anatomic sites
According to the tenth revision of the International Statistical Classification of Diseases and Related Health Problems (ICD-10), OCCs included cancers of the lip (ICD-10 code C00), tongue (C02), and other parts of the oral cavity ( gingiva C03, floor of mouth C04, hard palate C05.0, and buccal mucosa C06.0). 9 Cancers of the following sites were excluded from this study: base of the tongue (ICD-10 code C01) and soft palate (C05.1). When an intraoral lesion overlapped 2 sites, the primary tumor localization was defined as the site where the majority of the lesion was located. All patients were histologically confirmed as malignancies of the oral cavity, among which an overwhelming majority (~90%) were SCCs.
statistical analyses
Descriptive statistics were used to examine demographic variables for the patients during each of the 5 successive decades. The study used chi-squared tests to compare proportions. The age groups were defined as: 0-44, 45-54, 55-64, 65-74, and ≥75 years, which were in accordance with the International Cancer Survival Standards. 10 All-cause 5-year overall survival rates were calculated using the method of Kaplan and Meier. The overall survival rate was calculated for each of the 5 successive decades, respectively. The time period of 2000-2009, which corresponds to the most recent decade for which follow-up data were available, was specifically noted. Log-rank tests were used to compare specific survival rate curves, which were based on deaths at monthly intervals. The overall survival rate by age, gender, histological type, stage, and therapy was presented for overall cancers of 
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Trends in clinical features and survival of oral cavity cancer the oral cavity, as well as cancer of the lip, oral tongue, and other parts of the oral cavity. All data analyses in the present study were carried out with the software package SPSS 16.0. Statistical significance was defined by P<0.05.
Ethics approval
The study was reviewed and approved by the ethics committee of the SYSUCC. All cases involved in the study consented to participate and the informed consent obtained was written. There was no patient of <18 years of age at the time of the study. Table 1 summarizes the characteristics of patients enrolled for each decade. There was an increase in the mean age for each patient cohort. The male-to-female ratio of patients stayed approximately 2:1 over time. In terms of histological type, there was an increase in minor salivary gland carcinoma (MSGC), concurrent with decreases in SCC and other types. As for tumor localization, the proportion of oral tongue cancer was steady, accounting for slightly more than one-half of all cases; there was a gradual decline in the proportion of lip cancer and a corresponding increase in the proportion of cancer of other parts of the oral cavity. The proportion of patients who had localized disease at diagnosis was increasing. As for initial therapies, surgery was the main treatment modality over time. More than two-thirds of OCC patients underwent surgery or surgery-based multimodality therapy as their initial treatment. There has been an increase in the use of surgery alone. Table S1 summarizes the characteristics of patients diagnosed with other pathologic types other than SCC and MSGC. 
Results
Patient characteristics
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Chen et al survival Table 2 shows the overall survival rate for all OCC patients in this 50-year period. Follow-up information was available for all patients, and 94.3% of the patients had follow-up into the fifth year after initial therapy. The overall 5-year survival rate amounted to 52.0% ( Figure S1 ). The survival rate was associated with the patient's age, steadily decreasing from 59.6% for patients ≤44 years to 30.7% for patients ≥75 years ( Figure 1A ). If separated according to gender, the same pattern of a steadily decreasing survival rate with age was observed for both men and women. In general, the overall 5-year survival rate was higher for women than for men in all age groups (women 55.8% and men 50.1%) ( Figure 1B ). Both histological type and tumor stage contributed to the level of survival rate ( Figure 1C, D) . As for initial therapy, the overall 5-year survival rate of patients who underwent surgery was much higher than those who underwent non-surgical treatment (60.6% and 23.7%, respectively) ( Figure S2 ). Table 3 and Figure 2 summarize the overall survival rate for OCC patients in successive decades (1960-1969, 1970-1979, 1980-1989, 1990-1999, and 2000-2009 ). The overall 5-year survival rate amounted to 47.8%, 47.6%, 51.1%, 52.2%, and 55.6% for the 5 successive decades, respectively. Survival did increase steadily over time. In addition, survival steadily decreased with age and was higher for women than Figure S3 show the overall survival rate for OCC patients by subsite. The overall 5-year survival rate of patients with lip cancer was 71.4%. The overall 5-year survival rate regarding cancer of the oral tongue was 56.3%. Survival decreased with age, from 61.6% in patients ≤44 years old to 31.5% in patients ≥75 years old. The survival rate was higher for women (58.8%) than for men (54.9%). Tumor stage and histological type were strongly associated with survival rate; it varied between 67.7% for local stage tumors and 11.1% for cancers involving distant sites, as well as between 69.2% for MSGC and 56.1% for SCC. The survival rate of patients who underwent surgery (66.2%) was much higher than for those who underwent non-surgical treatment (26.3%). For cancer of oral cavity parts other than the lip and oral tongue, the overall 5-year survival rate was 42.7%. 
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Trends in clinical features and survival of oral cavity cancer cancers of the gingiva, floor of mouth, hard palate, and buccal mucosa, respectively. The relationship of survival and histological type, tumor stage, and initial therapy is similar to the pattern described previously. 
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Chen et al with the pattern described previously for all patients in the 50-year period.
Discussion
This comprehensive hospital-based study provides detailed data on survival for 3,362 OCC patients treated at a large cancer center in southern China and shows that survival rate has steadily improved over the past 50 years. The explanation for this improvement is multifactorial. There have been many improvements in the diagnosis and treatment of OCC during these past 50 years in China. As the largest cancer center in southern China, founded over 50 years ago, the SYSUCC has witnessed tremendous improvements in cancer management. After the reform and opening-up policy in the 1980s, the Chinese people began to enjoy a relatively high socioeconomic status with access to high-quality healthcare. In addition, Chinese physicians were able to access the latest advances in the diagnosis and management of OCC and were well aware of the importance of multidisciplinary and interdisciplinary OCC care. Patients diagnosed with OCC benefited from the modern treatment concepts and medical facilities, especially female patients, whose overall 5-year survival rate improved over time by >20% points. An increasing proportion of patients who had localized disease at diagnosis and a decreasing proportion of patients with an unknown stage were seen over time. This was attributed to popularized imaging techniques and improved clinician documentation of stage. More and more patients are diagnosed at an early stage of OCC when surgery alone may be curative. Above all, earlier diagnosis, more accurate staging, and correspondingly more accurate treatment seem to contribute to the improved survival rate. In this study, the survival rate of OCC patients generally decreased with age, whether analyzed for all patients or separated according to gender, which was in accordance with data reported elsewhere. 11 If separated according to tumor localization, the same pattern of decrease in survival rate with age was observed for cancers of all subsites except for the lip.
The oral tongue is the most cancer-prone, intraoral site in most populations. 7, 12 Our findings demonstrated that oral tongue cancer accounted for more than half of all cases, and the overall 5-year survival rate of oral tongue cancer improved from 45.5% in the 1960-1969 period to 62.2% in the 2000-2009 period. The survival rate of female patients even reached 69.9%. In comparison, the overall 5-year survival rates of tongue cancer in developed countries were as follows: USA 63.4%, 13 Germany 44.9% (male)/56.0% (female), 11 
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Trends in clinical features and survival of oral cavity cancer 46/56%. 14 In general, the aforementioned data indicate a tendency toward similar survival rates between the USA and this study and slightly higher survival rates for oral tongue cancer patients in this study than observed in European countries. We may conclude that we are reaching the international level in treating oral tongue cancer. However, the survival of patients with cancers of the lip and other parts of the oral cavity was lower than that reported from the USA and the European countries. 11, 13 For lip cancers, this might be attributed to the relatively low incidence of lip cancers in China and thus lack of treatment experience. For cancers of the other parts of the oral cavity, especially the gingiva and hard palate, this might be attributed to the relatively conservative surgical procedure in the past, as a result of overemphasizing the quality of life after treatment. This situation has been greatly improved in the last decade since the treatment concept has changed with the international guidelines.
Histological type is an important prognostic factor. SCC is the most common histological type of OCC, accounting for about 90% of all cases in most populations worldwide. MSGC is a rare and distinctive malignancy in the oral cavity, with conspicuous clinical features, including no gender difference in incidence, slow growth, non-aggressive, rare metastasis, and mostly favorable prognosis despite metastases and recurrences. 15, 16 According to this study, the male-tofemale ratio of MSGC is about 1:1, which is quite different from that of SCC (about 2:1). The hard palate was the most common subsite involved for MSGC (54.5%), followed by gingiva (14.4%) and buccal mucosa (10.8%). As for SCC, the most common subsites were as follows: oral tongue (63.2%), Figure 2 Survival curves for all-cause mortality for patients diagnosed with oral cavity cancer in each of the successive decades 1960-1969, 1970-1979, 1980-1989, 1990-1999 
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Chen et al gingiva (12.2%), and buccal mucosa (8.1%). Furthermore, the survival distinction between different histological types was significant. The 5-year survival rate of patients with MSGC was 70.0%, which was almost 20% higher than that of patients with SCC (51.3%) and about 25% higher than that of patients with other histological types (45.7%).
In the development history of treating OCC, surgical treatment is considered the mainstay of multimodal treatment because prospective and retrospective data demonstrate significantly better survival rates among surgically treated patients. [17] [18] [19] Through the 50-year period of this study, surgery or surgery-based multimodality therapy was the main initial treatment modality. The survival rate of patients who underwent surgery was much higher than those who underwent non-surgical treatment. Recent advances in induction chemotherapy with agents, such as cisplatin and fluorouracil, may have contributed to lower distant failure rates and better organ preservation in locally advanced head and neck cancer patients. 20 In addition, targeted drugs, such as cetuximab, have been shown to have favorable loco-regional control and additional survival benefits in locally advanced head and neck cancers. These drugs also have survival benefits in distant metastatic and/or recurrent head and neck cancers, which might well provide promising treatment choices for locally advanced OCC patients in the future. 21, 22 However, extensive data from large randomized trials on the treatment efficacy of induction chemotherapy or targeted drugs for locally advanced OCC patients are lacking. 23, 24 Currently, wide resection and reconstruction with a pedicle or free flap is widely used, and it is largely acceptable that non-surgical treatment modality should be limited for unresectable/inoperable or recurrent patients.
Conclusion
Our results show that survival of OCC patients has steadily improved over time in China. The overall survival improvement is largely attributable to the survival improvement of female OCC patients. However, the limited improvement of overall 5-year survival for male OCC patients reminds us of the pivotal importance of enhanced efforts of primary prevention to reduce the disease burden of OCCs, since a considerably large proportion of OCCs are smoking related and thus avoidable. To summarize, the present study is the first to provide comprehensive information about clinical features and 5-year overall survival of OCC patients treated at one of the largest cancer centers in China. Over the past 50 years , patients with cancers of the lip, oral tongue, and other parts of the oral cavity were shown to have a 5-year overall survival of 71.4%, 56.3%, and 42.7%, respectively. In the most recent decade (2000-2009), the survival amounted to 84.1%, 62.2%, and 43.9%, respectively. More effort should be put into the management of OCC in China, especially for male patients.
4533
Trends in clinical features and survival of oral cavity cancer 
Publish your work in this journal
Submit your manuscript here: https://www.dovepress.com/cancer-management-and-research-journal
Cancer Management and Research is an international, peer-reviewed open access journal focusing on cancer research and the optimal use of preventative and integrated treatment interventions to achieve improved outcomes, enhanced survival and quality of life for the cancer patient. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.
Dovepress
4535
